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1. Chapter 1: Introduction 

 
1.1.  Research Motivation and Objectives 

Increasing traffic volumes over recent decades is the compelling motivation to manage 

transportation networks, increase capacity, enhance communication capabilities of 

transportation systems, improve safety and reduce congestion. Physically increasing the 

capacity of roadways and arterials by adding lanes is usually not economically and 

environmentally justified, and it is an ineffective long-term solution. One of the most 

popular alternate strategies is to provide travelers with real-time information about 

downstream traffic conditions using Advanced Traveler Information Systems (ATIS). 

Two of the main technologies employed in the ATIS effort are Highway Advisory Radio 

(HAR) and Dynamic Message Signs (DMS). DMS are often regarded as the most visible 

form of ATIS because they are available equally to all motorists. Maryland State 

Highway Administration’s (SHA) Coordinated Highways Action Response Team 

(CHART) operates 184 DMS. The signs, located on major highways and arterials, are 

often used to inform motorists of delays, incidents, road closings and real-time travel 

estimates. The most popular types of messages displayed on DMS are weather 

conditions, travel time, construction information, speed limits, incident locations and 

various other public service announcements, including AMBER alerts. Although DMS 

are intended to improve the efficiency and safety of road networks, little has been done to 

study whether the signs affect driver safety. The purpose of this study is to determine if 

drivers exposed to DMS are distracted by what the signs display and, if so, whether that 

distraction leads to their involvement in traffic accidents. 
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Figure  4.18. Close up shot of projected map 
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The accident rates for the segments were calculated using the spot accident rate 

formula recommended by both the FHWA Safety Program guidance and the Kiewit 

Center at Oregon State University (2003). According to the formula, the accident rate for 

a spot of a road is calculated by a ratio of accidents per million vehicles. A spot location 

is generally defined as a location 0.3 miles or less in length. Because the segments 

compared in this study were 900 feet length (0.17 miles), this formula was appropriate for 

calculating the accident rate (Kiewit, 2003). The formula allows comparison of various 

accidents rates. The equation for computing accident rate for a spot location is as follows: 

Rsp = A/Exposure [million entering vehicles]                       (Equation 1) 

or 

Rsp = (C) (1,000,000)/AADT (365)(N) 

Where: 

Rsp = Accident rate at a spot in accidents per million vehicles, 

C = Number of crashes for the study period, 

N = Period of study (years or fraction of years), 

AADT = Average Annual Daily Traffic (AADT) during the study period.  

Figure  4.19 shows the accident rates for impact areas compared to their subsequent 900 

feet segment. 
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Figure  4.19. Accident rate for impact area of 900 feet compared to their subsequent900 
feet segment 

 

Table  4.4 shows the tabulated facts for the accident rates in both segments 

compiled in a table including DMS identification number, AADT of segment, number of 

accidents in segment and accident rates in segments.  
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Table  4.4. Tabulated facts of impact areas and forwarding segments 

Impact 
Area DMS_id AADT 

# 
accidents 
in 900 
feet 

900ft 
Accident 
Rate 

# 
accidents 
in 
Forward 
900 feet  

Forward 
900ft 
Accident 
Rate DMS 

2 CHART_01010528004f00820047f02c76235daa 13974 7 0.343102945 5 0.245073532 0.098029 
12 CHART_0c011090002d0067003f062c3d235daa 2364 1 0.28973414 2 0.57946828 -0.28973 
29 CHART_1901170900050002003d242c3b235daa 61273 2 0.022356715 0 0 0.022357 
32 CHART_1b010c38005200820047f02c76235daa 65821 2 0.020811945 1 0.010405972 0.010406 
33 CHART_1b01212600da0008003d242c3b235daa 187920 1 0.003644804 27 0.098409699 -0.09476 
34 CHART_1c000b26004c00820047e22c9e235daa 145780 1 0.004698391 2 0.009396783 -0.0047 
41 CHART_1e01133800d90008003d242c3b235daa 57512 4 0.047637467 2 0.023818734 0.023819 
46 CHART_2c00083a004b00820047e22c9e235daa 444336 5 0.00770736 7 0.010790304 -0.00308 
55 CHART_39010a59005100820047f02c76235daa 88882 1 0.007706077 0 0 0.007706 
64 CHART_40ff12d400c200820047e32c96235daa 8282 1 0.08270122 3 0.248103661 -0.1654 
68 CHART_46010ade0036005a0039fc442f1f5daa 190391 1 0.003597499 3 0.010792498 -0.00719 
70 CHART_4701165e00d90008003d242c3b235daa 74887 2 0.018292401 25 0.228655009 -0.21036 
88 CHART_5f00077a004600820047e32c96235daa 245421 1 0.002790843 5 0.013954216 -0.01116 
92 CHART_62000ff900a300e0003e062c3d235daa 121581 1 0.005633541 1 0.005633541 0 
95 CHART_650113d6003d0067003f062c3d235daa 65214 2 0.021005659 2 0.021005659 0 

104 CHART_6dff058b004500820047e32c96235daa 255882 1 0.002676748 1 0.002676748 0 
105 CHART_6e00069600af0054003afc442f1f5daa 23726 8 0.230947149 4 0.115473574 0.115474 
113 CHART_74000733009000d3003e062c3d235daa 98941 1 0.006922626 0 0 0.006923 
124 CHART_89000cab00d80008003d242c3b235daa 147130 3 0.013965843 0 0 0.013966 
137 CHART_aa01033e000c00630045152cea235d0a 23741 1 0.028850154 0 0 0.02885 
139 CHART_ac0064d1002f00ae003ac7442f1f5daa 66761 1 0.010259455 1 0.010259455 0 
162 CHART_d8ff030400b800c60047832c33235daa 153481 1 0.004462647 2 0.008925294 -0.00446 
182 CHART_fdff03d9008000c80040062c3d235daa 8600 2 0.159286397 0 0 0.159286 

      50         
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The graph shows for the majority of impact areas, rate of accidents is lower than 

their onward adjacent segment. Figure  4.20 shows the difference of the accidents rates for 

the two segments.  

 

Figure  4.20. Difference of the accidents rates between the impact area and its subsequent 
segment 

 

The analysis of difference between the accident rates show 70 percent of the 

impact areas have lower or equal accident rates compared to the 900 feet segments that 

follow them. This finding indicates DMS do not have significant effects on increasing the 

accident rate. The remaining 30 percent, or 7 impact areas, show a positive difference 

between the accident rates. The case study of Interstate 95 supported the fact that 

interchanges are contributing factor to accidents. Therefore, a simple qualitative analysis 

of the locations of the DMS with the highest accidents rates showed they tended to occur 

within short distances of interchanges. Additionally, those with lower rates tended to 
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occur further away from interchanges. The reason for positive accident rates could be 

attributed to external factors such as existence of interchanges in DMS buffer zones and 

roadway geometry that increase accident rates in these segments.  

4.9.1. Findings 

A paired t-test on the accident rates was performed to compare accident rates in the two 

segments. Results suggest DMS do not increase accident occurrence. The mean 

difference of the two accident rates is -0.013. The coding in SAS software and the results 

are presented in Figure  4.21. 
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Figure  4.21. SAS outcomes for comparison of impact areas and following section 
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Figure 4.21 (Continued). SAS outcomes for comparison of impact areas and following 
section 
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4.10. On-and-off Analysis  

An on-and-off study compared results obtained from the previous section. The 

data were inputted into a table. Total numbers of accidents for 15 signs were counted for 

periods when DMS displayed messages and when they were blank. The accident rates for 

both situations were calculated using the formula articulated in the previous section. A 

one-way ANOVA with pairwise comparisons assessed accident rates in impact area when 

DMS were on and when they were off. Table  4.5 shows data used in the on-and-off 

analysis, including DMS identification number, number of accidents in impact areas, and 

AADT of segment and accident rates in segments. 

Figure  4.22 depicts the comparison of accident rates when messages are 

displaying on DMS and when these signs are blank.  

To better determine how different the accidents rates are for on and off DMS, the 

graph of the difference between the rates of the two conditions is shown in Figure  4.23. 

As this graph shows, in all DMS impact areas the accident rate is lower when the sign 

shows a message. 
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Table  4.5. Tabulated facts of on and off study 

Impact 
Area DMS_id 

# accidents 
in impact 

area 

With DMS 
Message Accident 

Rate AADT 
DMS blank 

before  
DMS Blank 

Accident Rate DMS Effect 
2 CHART_01010528004f00820047f02c76235daa 7 0.343102945 13974 11 0.53916177 -0.196059 

29 CHART_1901170900050002003d242c3b235daa 2 0.022356715 61273 7 0.078248503 -0.055892 
32 CHART_1b010c38005200820047f02c76235daa 2 0.020811945 65821 8 0.083247779 -0.062436 
33 CHART_1b01212600da0008003d242c3b235daa 1 0.003644804 187920 4 0.014579215 -0.010934 
34 CHART_1c000b26004c00820047e22c9e235daa 1 0.004698391 145780 1 0.004698391 0 
41 CHART_1e01133800d90008003d242c3b235daa 4 0.047637467 57512 19 0.22627797 -0.178641 
46 CHART_2c00083a004b00820047e22c9e235daa 5 0.00770736 444336 16 0.024663552 -0.016956 
55 CHART_39010a59005100820047f02c76235daa 1 0.007706077 88882 1 0.007706077 0 
64 CHART_40ff12d400c200820047e32c96235daa 1 0.08270122 8282 6 0.496207322 -0.413506 
68 CHART_46010ade0036005a0039fc442f1f5daa 1 0.003597499 190391 2 0.007194999 -0.003597 
70 CHART_4701165e00d90008003d242c3b235daa 2 0.018292401 74887 7 0.064023403 -0.045731 

105 CHART_6e00069600af0054003afc442f1f5daa 8 0.230947149 23726 21 0.606236266 -0.375289 
113 CHART_74000733009000d3003e062c3d235daa 1 0.006922626 98941 1 0.006922626 0 
124 CHART_89000cab00d80008003d242c3b235daa 3 0.013965843 147130 8 0.037242249 -0.023276 
162 CHART_d8ff030400b800c60047832c33235daa 1 0.004462647 153481 1 0.004462647 0 
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Figure  4.22. Comparison of accident rates while DMS are on and while blank 
 

 

Figure  4.23. Difference of the accidents rates in on and off study 
 

The results show accident rates for DMS displaying messages were less than or 

equal to blank DMS for all cases analyzed. The results of this on-and-off study support 

the outcomes of the previous sections – DMS are not contributing factors to accidents.  
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4.10.1. Findings 

A Repeated Measures Analysis of Variance was conducted to compare the mean 

accident rates in two conditions. The F-value of 6.73 and P(F < 6.73) of 0.0212 for the 

one-way ANOVA with paired comparison suggests null hypothesis is rejected with 98 

percent level of confidence in favor of supporting the fact that the mean accident rate for 

active DMSs was lower than the rate of accidents for inactive DMSs. The SAS coding 

and the outcomes are presented in Figure  4.24. 

 

 
 
 

Figure  4.24. SAS outcomes for on and off study 
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Figure 4.24 (Continued). SAS outcomes for on and off study 
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4.11. Accidents in DMS Impact Areas and Weather Conditions 

This section summarizes and categorizes accident characteristics in DMS areas. As 

mentioned before, weather conditions can contribute to accidents by reducing drivers’ 

visibility. According to FHWA Road Weather Management Program, visibility 

impairments, precipitation, high winds and temperature extremes affect driver 

capabilities and operational decisions, traffic flow, and crash risk. This research project 

concerns driver response to DMS messages, which is known to have environmental 

factors, so it was necessary to investigate the accident in conjunction with weather 

conditions at the time of accident for active DMS. As Table  4.6 and 

Figure  4.25 show, there are only four accidents in the entire set of accidents within the 

impact area that happened in rainy and snowy conditions. 

 
Table  4.6. Accidents in DMS areas and precipitation 

 

Precipitation  Accidents in Impact Area # 

Rain 2 
Snow 2 
None 45 
other 1 
Total 50 
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Figure  4.25. Frequency of accidents  in different precipitation conditions 
 

Despite the concerns about lack of visibility of messages during wind gust 

condition, as shown in Table  4.7 and Figure  4.26, the statistical analysis regarding 43 

accidents in impact area indicates there was not a significant number of accidents in these 

adverse conditions.  

 
Table  4.7. DMS accidents and wind gust 

 
 

Wind Gust 
(mph) Accidents in Impact Area # 

0-10 32 
 10-20 9 
20-30 2 
Total 43 
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Figure  4.26. DMS accidents and wind gust 
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4.12. Accidents in DMS Impact Areas and DMS Characteristics 

This section details statistical analysis of accident types in DMS impact area, the 

type of messages and beacon operational status (on/ off) of DMS. Figure  4.27 shows of 

the 50 accidents in DMS impact areas, 35 collisions were property damage and 15 were 

personal injury. 

Researchers and laypersons have expressed concerns that flashing beacons could 

distract drivers and negatively affect driving performance. As Figure  4.28 shows, 10 

accidents (20 percent) occurred when beacons were on. 

 

 

Figure  4.27. Type of accidents in DMS area # 
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Figure  4.28. Number of accidents versus Beacon status 
 

Analysis of displayed messages showed 11 accidents occurred when 

Danger/Warning messages were displayed: 22 during Informative/Common Road 

Condition messages and 17 during Regulatory/Non-Traffic-Related Messages. Although 

concerns that accident-warning messages attract more attention from drivers than the 

other types (Wang et al, 2007) and are thus more dangerous, the fewest number of 

accidents happened during displays of Danger/Warning messages (see Figure  4.29).  
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Figure  4.29. Number of accidents for DMS message types  
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5. Chapter 5: Conclusions and Directions for Further Research 

5.1.  Summary and Conclusions 

This project evaluated localized safety effects of highway Dynamic Message 

Signs (DMS). Accident data from 2007 to 2010 was the basis for the analysis of road 

collisions in Maryland. Accidents and message data in the study period were collected 

from the Center for Advanced Transportation Technology (CATT) Laboratory in the 

Department of Civil and Environmental Engineering at the University of Maryland and 

Coordinated Highway Action Response Team (CHART) reports for regions within the 

District of Columbia and Maryland. The roadway network map and AADT of roadway 

segments were obtained from Maryland Department of Transportation State Highway 

Administration (SHA), and weather conditions databases were gathered from DOT 

archival data. This research project faced numerous challenges, including managing and 

joining large databases with different data structures based on only time and location, 

coordinating systems and working within confidentiality required of police accident 

reports. Each was successfully overcome.  

The accident database included 38,718 records, which were filtered and cleaned 

and from which data gaps and outliers were removed. After cleaning, the number of 

accidents decreased to 23,842 records for the four-year study period. The accident 

database consisted of accident type (property damage, personal injury and fatality), 

address location and county, time and date of accident and coordinates of accident 

location. Due to confidentiality concerns, access to police records and accident causes 

was not possible.  
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The DMS types, obtained from CATT Laboratory, included permanently mounted 

overhead, roadside models and portable signs operated by CHART or Maryland 

Transportation Authority (MTA). The DMS database has 184 signs and the following 

information associated with each: DMS ID, longitude and latitude, address location and DMS 

type fields.  

Traffic flow is another important contributing factor to crashes, so the AADT of 

road segments was another factor this analysis accounted for. The AADT data was 

obtained from Maryland SHA volume maps of the state of Maryland for study period.  

The accidents, DMS locations and AADT database were projected onto a 

Maryland roadway map to perform spot analysis in order to evaluate the influence of 

DMS on drivers’ performance. An impact area of 900 feet was defined for each DMS 

based on the average size of electronic signs character and maximum visibility distance 

for the signs. A DMS was assigned to accidents within 900 feet of each DMS based on 

location and direction of DMS.  

A case study was performed on Interstate 95 in Maryland, a major highway. 70 

samples of 900 feet segments along I-95 highway were chosen based on the homogeneity 

of their geometry. The number of accidents were counted for each segment and 

aggregated for use in regression analysis. Independent variables included whether the 

segment was in an impact area or not, the existence of interchange in the segment and the 

AADT of the segment. The results of unbalanced two-way ANOVA showed that 

interchanges affect occurrence of accidents, whereas DMS do not. Results from Poisson 

regressions supported this conclusion as well. The results for both methods converged on 

the idea that interchanges and AADT are important factors on accidents, whereas DMS 

are not. 

http://en.wikipedia.org/wiki/Maryland
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Another main factor that contributes to accidents is lack of visibility due to 

adverse weather conditions. This project sought to determine whether adverse weather 

conditions such as precipitation, wind gusts and severe weather negatively affected driver 

performance by impairing visibility. For simplicity, the area of research was divided into 

five regions: north, south, west, east, and Washington, DC. The nearest central weather 

tower station in each region was assigned to represent the weather condition in each 

region.  The database was accumulated for the study period from 2007 to 2010. Each 

accident was joined with its associated weather station. This weather database was joined to 

the main database by the proximity of the closest weather tower station and the time and 

location of each accident. The matching process was performed using SQL queries coded 

in C++. 

The database of messages was acquired from the CATT laboratory. This database 

contained all the messages displayed on DMS in Maryland during the period study. The 

database contained 1,047,586 records of messages, including their DMS ID, time of 

displaying the message, the message text and beacon data fields.  

The message log database was imported in SQL server and the main database. If a 

record was located in impact area, the assigned DMS was matched with the message 

displayed at the time of occurrence of accident. The same was done to match records with 

weather data. The matching process was conducted using SQL queries coded in C++. The 

integrated database consisted of 23,842 accident records during the study period. There 

were 298 accidents within 900 feet of a DMS. 50 accidents occurred during times when 

the DMS displayed messages. For the remaining accidents, the DMS were blank. The 

data were analyzed in several aspects.  
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The paired t-test analysis showed DMS do not increase the likelihood of accidents 

occurring.  The mean of the difference of the two accident rates was -0.013. 

A one-way ANOVA using pairwise comparisons was used in an on-and-off analysis for 

15 DMS. The results of this analysis showed the mean accident rate associated with 

active DMS is lower than the inactive DMS.  

The statistical analysis of accidents in conjunctions with weather conditions 

showed that there are only four that occurred in rainy and snowy conditions. Thirty-twoof 

43 accidents were in wind gusts of 0-10 mph condition, nine were in gusts of 10-20 mph, 

and two were in wind gusts of 20-30 mph.  

A statistical analysis of accidents revealed 35 of the 50 total collisions resulted in 

property damage, and 15 in personal injury. There were no fatalities.  

Ten accidents (20 percent) occurred while beacons were on. Analysis on 

displayed messages showed 11 accidents occurred while Danger/Warning messages were 

displayed, 22 occurred during Informative/Common Road Condition messages and 11 

occurred during Regulatory/Non-Traffic-Related messages. Although some concerns 

exist that accident-warning messages attract more attention from drivers, the fewest 

accidents in DMS areas occurred when DMS displayed such messages.  

In summary, the findings from all evaluations converge to indicate DMS are a safe tool 

for disseminating real-time travel information to motorists because these signs largely do 

not cause accidents by diverting drivers’ attention. This project focused on DMS 

operations in Maryland, although the methods employed for evaluation can be extended 

to other locations if suitable data are available. 
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5.2. Future Research 

The broad range of subjects for future study provides opportunities and challenges for 

researchers. The research could be further extended if future study areas include several 

states. Future research in this area may be improved through investigating the issue 

through simulation and site-human factor analysis. Also, it would be of interest to improve 

DMS design (e.g., message design, size, color, length and number of panes and speed of 

switching between messages) to enable drivers (especially older and bilingual drivers) to 

more easily understand the content of DMS messages. Topics for future research include 

investigations about the effects of displaying messages on newly installed DMS as well as 

DMS on road curves. It would also be of interest to investigate differences in daytime and 

nighttime situations. Another direction for future research concerns the extension of this 

project to investigate the effect of incident messages and to provide motorists with 

information about tailgating and secondary accidents close to the incident location. 

Moreover, the integrated database could be used to investigate the impact of weather 

conditions on occurrence of road accidents. 

Finally, optimizing displayed messages and DMS location while accounting for 

traffic flow, roadway geometry, and proximity to interchanges; and how to reduce 

drivers’ mental processing time to perceive environmental factors and speed up drivers’ 

response could be other topics for future study. A cost-benefit analysis of installing DMS 

could clarify concerns about expenses and values associated with the signs. These 

directions for future studies would help transportation engineers and planners improve 

DMS operations and eventually improve transportation network management and yield 

smoother traffic flow. 
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